Angiotensin II plays an important role in the regulation of blood pressure, body salt and fluid balance, and urine concentration. Mice with deletion of the AT 1a receptor develop polyuria and urine concentration defects. We studied the mechanisms of these urine concentration defects by treating wild-type and AT 1a -knockout mice with arginine vasopressin (AVP) for 2 weeks, controlling their water intake, or giving them an osmotic diuretic (sucrose) in order to determine whether central or nephrogenic mechanisms were involved. Under basal conditions, AT 1a -knockout mice were hypotensive, had lower plasma AVP, and excreted more urine with a markedly reduced osmolality compared with wild-type mice. However, basal glomerular filtration rates were similar in both strains of mice. We isolated total lysate and membrane proteins from the inner medulla of wild-type and mutant mouse kidneys, and found that the amounts of aquaporin 2 (AQP2), adenylyl cyclases III and V/VI, and phosphorylated MAP kinases ERK 1/2 proteins were all reduced in the inner medulla of the knockout mice. Infusion of AVP raised plasma levels and blood pressure proportionally in both strains, but polyuria persisted and urine osmolality remained significantly lower in the knockout mice. Although AVP increased urine osmolality slightly in water-deprived knockout mice, this was well below the basal osmolality of wild-type mice. The diuretic response to the hyperosmotic sucrose was also impaired in the knockout mice. Neither AVP nor water rationing restored the levels of the inner medullary signaling proteins and membrane AQP2 proteins in the knockout mice. We suggest that AT 1a receptor deletion causes polyuria and urine concentration defects by decreasing basal AVP release and impairing AVP-induced receptor signaling in the inner medulla.
thirst mechanisms (primary polydipsia), or to renal tubular defects in concentrating urine (nephrogenic diabetes insipidus).
This study tested the hypothesis that the development of polyuria and urine concentration defects in AT 1a -KO mice is due to the deletion of the AT 1a receptors and their signaling transductions that regulate basal [Arg 8 ]-AVP release and V 2 receptor signaling (A-cyclase (AC)-III and AC-V/VI), and the expression of membrane aquaporin 2 (AQP2) proteins in the IM of the kidney. Table 1 shows that basal systolic pressure and plasma [Arg 8 ]-AVP were significantly lower in AT 1a -KO than in WT mice (Po0.01). Infusion of [Arg 8 ]-AVP for 2 weeks increased the systolic pressure proportionally in both strains (Po0.01 vs controls). Plasma [Arg 8 ]-AVP levels were also increased similarly by [Arg 8 ]-AVP infusion in both strains (Po0.01 vs controls). 24-h water ration did not alter plasma [Arg 8 ]-AVP in WT, but it increased plasma AVP levels in AT 1a -KO mice (Po0.01). Under the same condition that all mice had free access to water, basal 24-h water intake and urine excretion was 43 times higher in AT 1a -KO than in WT mice (Po0.01).
RESULTS

Systemic and renal responses to [Arg 8 ]-AVP infusion or 24-h water ration in WT and AT 1a -KO mice
[Arg 8 ]-AVP infusion reduced 24-h urine and sodium excretion in both strains (Po0.01), but it did not restore these responses in AT 1a -KO mice compared with those of WT mice. 24-h water ration failed to restore 24-h urine and electrolyte responses in AT 1a -KO mice to the levels of WT mice.
Basal glomerular filtration rate and inner medullary structures of WT and AT 1a -KO mice Basal glomerular filtration rates (GFR), as determined by the fluorescein isothiocyanate-inulin clearance technique, 13 were not significantly different in conscious age and body weightmatched male WT and AT 1a -KO mice ( Table 2 ). There were also no striking differences in inner medullary structures between WT and AT 1a -KO mice at low-power microscopic visualization ( Figure 1 ). No papillary malformation, atrophy or fibrosis was observed in AT 1a -KO mice. Total inner medullary proteins, as normalized to their kidney weights, were comparable between WT and AT 1a -KO mice ( Table 2 ).
Effects of [Arg 8 ]-AVP infusion or 24-h water ration on plasma and urine osmolality
Basal plasma osmolality was not statistically different (WT: 323 ± 11 vs AT 1a -KO: 315 ± 7 mOsm per kg H 2 O; NS) ( Figure 2 ). However, urine osmolality was markedly reduced in AT 1a -KO mice (WT: 2227±95 vs AT 1a -KO: 1004±137 mOsm per kg H 2 O; Po0.01). In response to [Arg 8 ]-AVP infusion for 2 weeks, WT mice maintained plasma osmolality at the control level (326 ± 14 mOsm per kg H 2 O, NS). By contrast, plasma osmolality was decreased in AT 1a -KO mice (288 ± 12 mOsm per kg H 2 O; Po0.01 vs controls) ( Figure 2 ). Although urine osmolality was increased by [Arg 8 ]-AVP infusion in both strains, it remained remarkably reduced in AT 1a -KO mice (WT: 3937±268 vs AT 1a -KO: 1893±349 mOsm per kg H 2 O; Po0.01) ( Figure 2 ). 24-h water ration increased plasma osmolality in AT 1a -KO mice (338 ± 10 mOsm per kg H 2 O, Po0.05 vs controls), but it did not restore urine osmolality to the WT level (WT: 2044 ± 86 vs AT 1a -KO: 948 ± 148 mOsm per kg H 2 O, Po0.01). , the increase was not statistically different from that induced by WD. However, AVP did increase the urine osmolality significantly above the basal level in AT 1a -KO mice ( Figure 3 ). 170 ± 6 dpm/mm 2 ; Po0.05) ( Figure 4 ). Infusion of [Arg 8 ]-AVP for 2 weeks decreased V 2 receptor binding similarly in the IM of WT and AT 1a -KO mice (WT: 88 ± 7 vs AT 1a -KO: 72±6 dpm/mm 2 , NS) ( Figure 4 ). 
Effects of [Arg 8 ]-AVP infusion or 24-h water ration on lysate and membrane AQP2 proteins in the IM
Under basal conditions, lysate AQP2 proteins in the IM of AT 1a -KO mice were o30% of WT mice (WT: 0.72 ± 0.08 vs AT 1a -KO: 0.21 ± 0.05 AQP2/Actin ratio, Po0.01) ( Figure 5 ).
[Arg 8 ]-AVP significantly increased lysate AQP2 proteins in both strains (WT: 1.56±0.23 vs AT 1a -KO: 1.33±0.16 AQP2/Actin ratio, Po0.01 vs controls). However, 24-h water ration did not restore lysate AQP2 protein levels in AT 1a -KO mice to those of WT mice (WT: 1.33 ± 0.21 vs AT 1a -KO: 0.82 ± 0.25 AQP2/Actin ratio, Po0.01) ( Figure 5 ). Basal AC-III proteins were 61% lower in AT 1a -KO than in the WT mice (WT: 0.46±0.08 vs 0.18±0.06 AC-III/Actin ratio, Po0.01) (Figure 7 ). [Arg 8 ]-AVP increased AC-III proteins by 60% in WT mice (AVP: 0.82 ± 0.10 AC-III/Actin ratio; Po0.01 vs control), but had no effect on the AC-III proteins in AT 1a -KO mice (AVP: 0.26 ± 0.08 AC-III/Actin ratio; NS vs control). 24-h water ration failed to increase AC-III proteins in AT 1a -KO mice to the WT level (WT; 0.72±0.08 vs AT 1a -KO: 0.22±0.08 AC-III/Actin ratio, Po0.01). Figure 8 further shows that basal AC-V/VI proteins were threefold higher in the IM of WT than in the AT 1a -KO kidneys (WT: 0.53 ± 0.06 vs AT 1a -KO: 0.16 ± 0.03 AC V/VI/Actin ratio, Po0.01). Again, [Arg 8 ]-AVP or 24-h water ration did not restore AC-V/VI protein expression in AT 1a -KO mice to the level of WT mice (WT: 0.56 ± 0.08 vs AT 1a -KO: 0.20 ± 0.08 AC-V/VI/ Actin ratio, Po0.01) ( Figure 8 ).
Effects of [Arg 8 ]-AVP infusion or 24-h water ration on activation of MAP kinases ERK 1/2 in the IM
Basal level of phosphorylated extracellular signal-regulated kinase (p-ERK) 1/2 proteins in the IM was 80% lower in AT 1a -KO than in WT mice ( Figure 9 ). [Arg 8 ]-AVP increased p-ERK 1/2 proteins by 89% in WT mice (control: 0.89±0.10 vs [Arg 8 ]-AVP: 1.68±0.23 p-ERK/t-ERK (total ERK) 1/2 ratio; Po0.01), but it had no effect on the p-ERK 1/2 proteins in AT 1a -KO mice (control: 0.18 ± 0.08 vs [Arg 8 ]-AVP: 0.25 ± 0.06 p-ERK/t-ERK 1/2 ratio; NS). 24-h water ration did not increase the levels of p-ERK 1/2 in the IM of AT 1a -KO mice (WT: 1.06 ± 0.12 vs AT 1a -KO: 0.33 ± 0.08 p-ERK/t-ERK 1/2 ratio; Po0.01).
Effects of 5-day water ration on 24-h urine excretion, urine osmolality, and inner medullary lysate and membrane AQP2 proteins
Similar to the responses to 24-h water ration in AT 1a -KO mice, the 5-day water ration protocol also failed to restore 24-h urine excretion, urine osmolality, and inner medullary lysate and membrane AQP2 and AC-III proteins to the levels of WT mice ( Figure 10 ). 
Effects of 24-h treatment with 10% sucrose on urine excretion, plasma and urine osmolality, inner medullary AQP2 and AC-III protein expression
Although WT and AT 1a -KO mice drank similar amounts of sucrose solution (13.1 vs 14.1 ml/24 h; NS), the osmotic agent induced a greater osmotic diuresis in WT mice than in AT 1a -KO mice (Figure 11 ). 24-h urine excretion was increased by fivefolds in WT mice (1.3±0.3 vs 6.5±1.3 ml/ 24 h, Po0.01), but by only by onefold in AT 1a -KO mice (4.5 ± 0.3 vs 8.1 ± 1.0 ml/24 h, Po0.01) (Figure 11a) (Figure 11b ). Sucrose treatment increased the inner medullary AQP2 proteins from 0.70 ± 0.05 to 1.72 ± 0.10 AQP2/Actin ratio in WT mice (Po0.01), but only from 0.23 ± 0.03 to 0.30 ± 0.05 AQP2/ Actin ratio in AT 1a -KO mice (Figure 11c ). Likewise, AC-III expression was increased by sucrose in WT mice (0.16±0.03 vs 0.38±0.08 AC-III/Actin ratio, Po0.01), but not in AT 1a -KO mice (0.03 ± 0.02 vs 0.06 ± 0.03 AC-III/Actin ratio, NS) ( Figure 11d ). Osmotic responses to 2 week's sucrose treatment in WT or AT 1a -KO mice were similar to their 24-h treatment, and therefore were not shown here.
DISCUSSION
This study shows that AT 1a -KO mice developed polydipsia, polyuria, and urine concentration defects, which were associated with a significantly reduced basal circulating [Arg 8 ]-AVP levels, urine osmolality, lysate and membrane AQP2 proteins, AC-III, AC-V/VI and phosphorylated mitogenactivated protein kinase (MAP) kinases ERK 1/2 signaling proteins in the IM. Our results suggest that central polydipsia is unlikely the major cause of polyuria and urine concentration defects in AT 1a -KO mice, because the same 24-h or 5-day water ration to restrict excessive drinking in AT 1a -KO mice to the WT levels did not normalize 24-h urine excretion, urine osmolality, and inner medullary AQP2 and V 2 receptor signaling proteins to the WT levels. Neither osmotic diuresis because of markedly increased GFR and solute washout nor inner medullary structural abnormalities seemed to contribute substantially to the urine concentration defects in AT 1a -KO mice. By contrast, partial [Arg 8 ]-AVP deficiency and functional defects in AT 1a receptor-regulated V 2 receptor signaling in the IM because of the deletion of AT 1a receptors may have played a critical role in the development of polyuria and urine concentration defects in these mice.
It is well documented that deletion of angiotensinogen, ACE, or AT 1 receptors (AT 1a and AT 1b ) in mice is associated with a hypoplastic papilla in the renal medulla and polyuria with markedly diluted urine. [1] [2] [3] [4] In this study, we first reasoned whether AT 1a -KO mice developed similar structural abnormalities or atrophy in the IM, which may explain the development of polyuria and severely diluted urine in these mice. Oliverio et al. 6 earlier showed that deletion of AT 1a receptors alone in mice developed polyuria with a reduced urine osmolality. Further magnetic resonance imaging of renal cortical and medullary structures of WT and AT 1a -KO mice found no apparent structural differences between these animals. 6 Furthermore, deletion of AT 1b receptors alone in mice also does not alter blood pressure and any renal structure or function. 14 In this study, we did not observe apparent structural abnormalities in the papilla of AT 1a -KO mice at low-power and microscopic levels (Figure 1 ), or significant differences in inner medullary weights and proteins relative to their kidney weights ( Table 2 ). These results suggest that polyuria and urine concentrating defects in AT 1a -KO mice is unlikely due to structural defects in the IM. We next investigated whether the development of polyuria and urine concentrating defects in AT 1a -KO mice may be caused by central polydipsia or defects in central thirst mechanisms, 8 because AT 1a -KO mice drank three-times more water than WT controls (Table 1) . 15, 16 Central polydipsia is a compulsive drinking disorder and unrestricted water intake alone may lead to polyuria and reduce urine osmolality. However, if central polydipsia is the primary cause, water restriction and AVP treatment in these mice are expected to correct polyuria and restore urine osmolality to WT levels. In this study, both acute 24-h and 5-day water ration failed to normalize polyuria and urine concentration defects in AT 1a -KO mice. Nevertheless, we recognize that 5 days of controlled water intake in this study may not be of sufficient duration to reverse a urine concentrating defect because of lifelong central polydipsia in AT 1a -KO mice. The alternative explanation may be that AT 1a -KO mice have hypotension, which stimulates thirst leading to polydipsia and reduced urine osmolality. However, hypotension, polyuria and lower urine osmolality are expected to stimulate AVP release to correct these defects in these mice. 7, 8 Thus, central polydipsia or defects in central thirst mechanisms may not play major roles in the development of polyuria and urine concentration phenotypes in AT 1a -KO mice.
In an attempt to exclude the possibility that polyuria and urine concentration defects in AT 1a -KO mice may result from an osmotic diuresis due to markedly increased GFR, and therefore solute and fluid delivery from proximal tubules, we first measured basal GFR in conscious WT and AT 1a -KO mice using the fluorescein isothiocyanate-inulin clearance method. 13 As basal GFR values were comparable in conscious age and body weight-matched male WT and AT 1a -KO mice, increased filtered load may be excluded as a major contributing factor for polyuria and low urine osmolality in the latter mice (Table 2 ). Furthermore, we treated WT and AT 1a -KO mice with the osmotic agent (10% sucrose) acutely for 24 h or chronically for 2 weeks to induce osmotic diuresis. 17 It was expected that the osmotic agent markedly increases solute and fluid delivery from proximal tubules, impairs medullary osmotic equilibrium and interstitial tonicity, and induces solute washout. As expected, WT mice responded to the osmotic agent by markedly increasing urine excretion and maximally decreasing urine osmolality by fivefolds, and increasing AQP2 and AC-III proteins in the IM (Figure 11 ). Similar osmotic diuretic responses occurred with sucrose treatment for 2 weeks (not shown), and have been shown in normal and uncontrolled diabetic rats. 18, 19 However, osmotic diuretic responses and the decreases in urine osmolality by sucrose treatment were markedly impaired in AT 1a -KO mice. Osmotic diuresis did not increase the inner medullary AQP2 and AC-III signaling proteins in AT 1a -KO mice. These different polyuric responses to an osmotic agent between WT and AT 1a -KO mice suggest that osmotic diuresis also unlikely contributes to the development of polyuria and urine concentration defects in AT 1a -KO mice.
[Arg 8 ]-AVP is the major antidiuretic hormone, and its synthesis and release are physiologically regulated by Ang II through the AT 1a and AT 1b receptors in the paraventricular nucleus and pituitary glands. 7, 8, 20 Genetic deletion of AT 1a receptors may cause partial central diabetes insipidus as a result of partial [Arg 8 ]-AVP deficiency. In this study, the basal circulating [Arg 8 ]-AVP levels in AT 1a -KO mice were o50% of WT mice (Table 1 ), in spite of polyuria and a markedly reduced urine osmolality (Figure 2 ). This is in contrast with earlier studies that reported that serum [Arg 8 ]-AVP levels in AT 1a -KO mice were not different from, lower or higher than, those of WT mice. 6, 21, 22 Oliverio et al. 6 found that serum [Arg 8 ]-AVP levels tended to be higher in AT 1a -KO mice, and yet these mice still responded to 1-desamino-8-D-arginine vasopressin, although to a smaller extent. The reasons underlying these differences in serum [Arg 8 ]-AVP levels in AT 1a -KO mice are not clear. However, the genotype of AT 1a -KO mice used in this study is unlikely the cause for these differences, because our mice were bred from the same colony, and all AT 1a -KO mice were confirmed by genotyping before experiment and by [ 125 I]-Ang II autoradiography showing the lack of AT 1 receptor binding in the kidney. 15, 16 Instead, the differences are probably because of the specificity and sensitivity of radioimmunoassay vs enzyme-linked immunosorbent assay used, the ways how blood samples were collected and prepared, and the number of blood samples assayed between studies. 6, 21, 22 Our finding that basal serum [Arg 8 ]-AVP levels were lower in AT 1a -KO mice is not entirely surprising, because both AT 1a and AT 1b receptors are expressed in the paraventricular nucleus and pituitary glands. [20] [21] [22] Indeed, our interpretation is also consistent with the observations that both control or water-deprived AT 1a -KO mice still partially responded to acute or long-term [Arg 8 ]-AVP administration by attenuating polyuria and/or increasing urine osmolality above their basal levels, albeit to much less extents than WT mice (Figures 2 and 3) .
However, partial [Arg 8 ]-AVP deficiency (or partial central diabetes insipidus) cannot fully explain polyuria and urine concentration defects in AT 1a -KO mice. We reasoned that if [Arg 8 ]-AVP deficiency is the sole factor responsible for these defects in AT 1a -KO mice, replacement of [Arg 8 ]-AVP acutely or for 2 weeks would normalize urine excretion, urine osmolality, and V 2 receptor signaling proteins to those of WT mice. Although a lower basal [Arg 8 ]-AVP level may partly explain increased basal 24-h urine excretion (Table 1) , reduced basal urine osmolality (Figures 2  and 3 ), and decreased basal lysate ( Figure 5 ) and membrane AQP-2 ( Figure 6 ), AC-III ( Figure 7) and AC-V/VI (Figure 8 ), and p-ERK 1/2 proteins ( Figure 9 ) in AT 1a -KO mice, infusion of [Arg 8 ]-AVP for 2 weeks did not completely normalize polyuria, urine concentrating ability and V 2 receptor signaling proteins in the IM of AT 1a -KO mice. The impaired responses to [Arg 8 ]-AVP were also unlikely due to a decrease in V 2 receptor numbers in the IM of AT 1a -KO mice, because specific [ 125 I]-V 2 receptor binding in the IM was slightly upregulated in AT 1a -KO mice ( Figure 4) , probably due to a decrease in basal [Arg 8 ]-AVP levels (Table 1) . 23, 24 Although [Arg 8 ]-AVP and water ration increased lysate AQP2 proteins in the IM of AT 1a -KO mice, they had no significant effects on membrane AQP2 proteins, AC-III and AC-V/VI, or p-ERK 1/2 proteins in the IM of the AT 1a -KO mice. This suggests that the defects in AQP2 trafficking to the membranes, rather than the defects in AQP2 biosynthesis, contribute to the development of polyuria and urine concentration defects in the AT 1a -KO mice. It is wellrecognized that in collecting tubules, [Arg 8 ]-AVP binds V 2 receptors and activates AC-III and AC-V/VI, leading to an increase in intracellular cAMP levels. 25, 26 cAMP activates protein kinase A and MAP kinase ERK 1/2, which in turn induce phosphorylation of AQP2 proteins and its membrane insertion. 26-28 V 2 receptor-mediated activation of adenylyl cyclases and cAMP production plays an important role in the translocation of AQP2 proteins from intracellular vesicles to apical membranes of principal cells of medullary collecting ducts.
These results suggest that AT 1a receptor signaling is required for the regulation of V 2 receptor-mediated water transport and urine concentration in the IM. How Ang II through the AT 1a receptors and AVP through the V 2 receptors interact to regulate water transport in the IM remains to be determined. A dual Ang II/AVP receptor sharing similar transmembrane and binding domains, Gs protein-activation motifs and endocytosis-promoting sequences has been proposed, 29 but it has not been confirmed by others. Klingler et al. 30 showed that Ang II potentiated AVP-dependent cAMP accumulation in CHO cells cotransfected with AT 1a and V 2 receptors. In NaCl-restricted rats, Kwon et al. 31 showed that blockade of AT 1 receptor signaling with candesartan was associated with decreased urine concentration and AQP2 expression during 1-desamino-8-D-arginine vasopressin infusion. Kwon's group further showed that in primary cultured inner medullary collecting duct cells, Ang II and 1-desamino-8-D-arginine vasopressin both increased phosphorylation of AQP2 proteins and trafficking of AQP2 proteins to the cell membranes. 28 Thus, our results are consistent with abovementioned studies, and confirm that AT 1a receptor signaling is necessary for AVP-induced expression of membrane AQP2, AC-III, and AC-V/VI, and regulation of urine concentration.
MATERIALS AND METHODS Animals
A total of 10 groups of wild-type (C57BL/6J) and AT 1a -KO mice (Agtr1a À/À ) were used in this study (n ¼ 6 to 12 per group, unless specified elsewhere). AT 1a -KO mice were genotyped before the experiment and confirmed at the end of studies for the lack of AT 1 receptor binding in the kidney. 15, 16 Inner medullary structures in WT and AT 1a -KO mice Frozen sections (6 mm) of WT and AT 1a -KO kidneys were stained with hematoxylin and eosin for microscopic visualization. Total inner medullary proteins in WT and AT 1a -KO mice were measured and normalized to the kidney weight for comparisons.
Effects of [Arg 8 ]-AVP on urine concentration in WT and AT 1a -KO mice
To determine the role of partial central diabetes insipidus in the development of urine concentrating defects in AT 1a -KO mice, an osmotic minipump (Model 2002, Alza Corp., Mountain View, CA, USA) was implanted intraperitoneally in WT and AT 1a -KO mice for infusion of [Arg 8 ]-AVP for 2 weeks (100 ng/h). 7, 15, 16, 32 Control WT and AT 1a -KO mice were not treated with [Arg 8 ]-AVP. Furthermore, one group of WT and AT 1a -KO mice were deprived of water for 16 h before they were treated with exogenous [Arg 8 ]-AVP (100 ng, intraperitoneally). Urine samples were collected by bladder massage over a 3-h period after AVP treatment for measurement of urine osmolality.
Effects of acute 24-h or chronic 5-day water ration on urine concentration in WT and AT 1a -KO mice Two groups of WT and AT 1a -KO mice were placed on a 24-h or 5-day water ration protocol, in which all mice had equal access to 4 ml water within a 24-h period.
Effects of administration of an osmotic agent on polyuria and urine concentration in WT and AT 1a -KO mice Two groups of WT and AT 1a -KO mice were treated with the osmotic agent (10% sucrose, in drinking solution) acutely for 24 h or chronically for 2 weeks. 18 
Measurement of plasma [Arg 8 ]-AVP
At the end of experiment, mice were decapitated without anesthesia and blood samples collected as described. 6, 21, 22 Plasma [Arg 8 ]-AVP was measured using a sensitive ELISA kit (Bachem, Torrance, CA, USA).
Measurement of plasma and urine osmolality
At the end of experiment, mice were decapitated without anesthesia and blood and urine samples collected for measurements of plasma and urine osmolality using an osmometer. 4, 6 Measurement of GFR To determine whether polyuria and urine concentrating defects was because of markedly increased GFR in AT 1a -KO mice, one group of WT and AT 1a -KO mice were infused with 3% fluorescein isothiocyanate-labeled inulin (Sigma, St Louis, MO, USA) through an osmotic minipump for 2 weeks. 13 Blood samples were collected from tail vessels weekly or by decapitation at the end of experiment, whereas 24-h urine samples were collected using metabolic cages. Plasma and urine concentrations of fluorescein isothiocyanatelabeled inulin were measured by a fluorescence plate reader.
[ 125 I]-V 2 receptor binding in the IM Vasopressin V 2 receptor binding in the kidney was visualized and quantitated using in vitro autoradiography of [ 125 I]-V 2 R analog. 23 Western blot analysis of lysate and membrane AQP2 proteins Lysate and membrane AQP2 proteins were measured by western blot using a goat polyclonal antibody targeting the C-terminus of AQP2 of human origin (sc-9882; Santa Cruz, Santa Cruz, CA, USA; 1:200). 28, 31, 33, 34 Signals were detected using enhanced chemiluminescence (Amersham, Piscataway, NJ, USA), as described. [35] [36] [37] Western blot analysis of AC-III and AC-V/VI proteins The AC-III and AC-V/VI proteins in the IM of WT and AT 1a -KO mice were measured by western blot using a rabbit antibody targeting the C-terminus of AC-III of mouse origin (sc-588; Santa Cruz; 1:200) or a rabbit antibody targeting the C-terminus of AC-V/ VI of human origin (sc-590; Santa Cruz; 1:200). 25, 26 Western blot analysis of total and phosphorylated MAP kinases ERK 1/2 Total (t-ERK 1/2) and p-ERK 1/2 in the IM of WT and AT 1a -KO mice were determined as described. [35] [36] [37] Statistical analysis Data are presented as means ± s.e. of groups of 6-12 WT and AT 1a -KO mice. One-way ANOVA (analysis of variance) was used to compare the differences between basal and after treatments in the same strain of mice, whereas unpaired Student's t-test was used to compare the differences in the same parameters between WT and AT 1a -KO mice before or after a treatment. The significance was set at Po0.05.
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